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ABSTRACT 
With the increased popularity of virtual worlds, hundreds of thousands of people from different physical locations can join 
virtual worlds. In this computer-based simulated 3D environment, avatars can both interact with each other and the 
environment. This new type of world has important implications for business, education, and society at large. In order to fully 
use the benefits of virtual worlds, it is important to know how the residents (i.e., avatars) behave, such as how they express 
sentiments. This research in progress seeks to study avatar sentiments in virtual worlds to examine whether and how 
sentiments are conveyed by avatars. Both verbal and non-verbal cues will be utilized in the sentiment analysis. To conduct 
the study, an advanced data collection method is leveraged to obtain various types of avatar data from a large number of real 
virtual world residents in Second Life in an effective and efficient way. 
Keywords 
Avatar Sentiments, Second Life, Verbal Cues, Non-Verbal Cues, Avatar Data Collection. 
INTRODUCTION 
A virtual world is an electronic environment that can simulate the world where people physically live. People can interact 
with each other, virtual objects, and the environment by controlling their digital representations, called avatars (Bainbridge 
2007). Virtual worlds have been gaining more and more attention in recent years. It is expected that virtual worlds will grow 
in societal importance and will influence various aspects of people’s lives such as education, collaboration, business and 
research (Messinger et al. 2009). In addition, a virtual world serves as a new place to do business in new ways and has been 
bringing a lot of business opportunities. The emerging virtual world market could reach billions of dollars in the coming 
years (Hendaoui et al. 2008). For example, the money supply of the most popular virtual world, Second Life, grew to US 
$29.3 million in the third quarter of 2011, 8.5 percent of increase over 2010; the web merchandise sales volume grew to 
L$1.183 billion, or approximately US $4.7 million (the average exchange rate was 1US$=251L$) in the third quarter of 2011 
(The Second Life Economy in Q3 2011; http://community.secondlife.com/t5/Featured-News/The-Second-Life-Economy-in-
Q3-2011/ba-p/1166705). 
To make the best use of this new medium, previous research has compared it with the physical world and examined its 
adoption in various areas. For example, some studies have compared the efficacy of e-learning in virtual worlds with real-
world classroom learning (Franceschi et al. 2009; Hassell et al. 2009; Lester and King 2009). Holzwarth et al. (2006) found 
that using avatar sales agent led to more satisfaction with the retailer, a more positive attitude toward the product, and a 
greater intention to purchase. Other studies have examined the social interaction patterns between male and female avatars 
(Yee et al. 2007). However, few studies have empirically examined avatar sentiments, an important aspect of avatar behavior 
and expression.  
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In this research in progress, we address the following question:  
RQ1. Do avatars express sentiments in virtual worlds? 
RQ2. How can we leverage both verbal and non-verbal cues to conduct avatar sentiment analysis in virtual worlds? 
RQ3. Are there any sentiment differences across avatars in different categories (such as male avatars vs. female avatars)? 
We aim to examine avatar sentiments using both verbal and non-verbal cues. Verbal cues are chat messages used by avatars 
to communicate with each other. Non-verbal cues include avatar actions and facial expressions that may also be leveraged by 
avatars to express sentiments. To conduct text-based sentiment analysis, previous literature has summarized related 
techniques into two categories: machine learning and semantic orientation approaches (Liu 2007). A machine learning 
approach identifies sentiments by leveraging a set of language features and training a classification model. A semantic 
orientation approach determines sentiments by checking against a pre-defined sentiment lexicon.  
LITERATURE REVIEW 
Importance and Applications of Virtual World Research 
In addition to the world where people physically live, another type of world – virtual world – has recently been playing an 
important role in various areas (Chen 2009). Reports have shown that millions of people in different places over the world 
spend an average of 22 hours per week in virtual worlds to interact with others (Yee and Bailenson 2007). Currently, one of 
the most popular social interaction based 3D virtual worlds is Second Life (http://secondlife.com) that was developed by 
Linden Lab and publicly launched in 2003. Users of Second Life can interact with each other, the virtual objects, and the 
highly immersive environment via controlling their avatars. The total number of users of Second Life has grown 
dramatically, from 2.2 million in December 2006 to 8.3 million in August 2007 (Messinger et al. 2009). As reported by 
Second Life, there was an average of 1.046 million monthly unique logged-in users in the third quarter of 2011 
(http://community.secondlife.com/t5/Featured-News/The-Second-Life-Economy-in-Q3-2011/ba-p/1166705). 
The advances and rapid development of Web-based technologies have changed the way the Internet serves its users – from 
only allowing them to passively acquiring information to enabling them to actively participate and contribute to the Internet 
(O'Reilly 2005). A virtual world is a place where users can experience it via their avatars and actively interact with others by 
using both verbal and non-verbal cues. The highly interactive and immersive nature of virtual worlds could be of interest and 
importance to researchers in various areas including business, social science, communication, politics, and education (Chen 
2009; Hendaoui et al. 2008; Messinger et al. 2009). For example, virtual worlds enable new models for marketing; business 
transactions on virtual objects and goods may influence users’ purchase behavior in the physical world and could play an 
important role on consumer engagement with a brand (Hemp 2006). The vivid 3D representation of virtual worlds makes 
them an ideal platform for e-learning as well (Franceschi et al. 2009; Hassell et al. 2009).  
In addition, virtual worlds can offer many potential benefits to researchers. For example, it can be difficult to recruit a large 
number of subjects from different physical locations. However, virtual worlds can make this possible and much easier since 
there is almost no cost to travel from one region to another in a virtual world – users can click to switch regions (Bainbridge 
2007). It is also possible to study the social and ethical issues (e.g., comparing alternative governmental regulations, and 
studying people’s perceptions towards the ones who have serious transmitted diseases by manipulating the appearance and 
behavior of avatars) that cannot be performed in the physical world (Bainbridge 2007; Gordon et al. 2009).  
Previous Empirical Research on Avatar Behavior 
Previous research has conducted empirical studies on virtual worlds to examine avatar behavior. For example, when 
comparing male and female avatars, Yee et al. (2007) found that male avatars tended to keep larger interpersonal distances 
with other male avatars compared to the interpersonal distances between two female avatars. They also found that male 
avatars tended to have less eye contact with other male avatars than the frequency of eye contact between two female avatars 
(Yee et al. 2007). Harris et al. (2009) conducted a lab experiment using 80 subjects and found that, in general, avatar activity 
declined with increased use experience, suggesting that experienced avatars tended to conduct fewer activities.  
Previous research has also examined how avatars’ relationships are affected by different environmental factors in multiplayer 
online game based virtual worlds such as EverQuest II (Shim et al. 2011). For example, Keegan et al. (2010) found 
significant differences in the trade networks of gold farmers and non-gold farmers in EverQuest II by measuring social 
network metrics such as in-degree, out-degree, and centrality. They found that gold farmers had significantly lower in-
degrees and out-degrees compared with non-gold farmers, indicating that gold farmers typically tended to conduct 
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transactions with only a few trusted characters. Kawale et al. (2009) studied the problem of player churn in EverQuest II by 
analyzing player engagement and network statistics such as the number of neighbors and number of churner neighbors, and 
significant differences were observed between networks of general players and churner players.  
Other research has examined the relationship between avatars and their users. For example, previous research has found that 
virtual world users would conform to expected behaviors associated with their avatars’ virtual identities and behave 
accordingly (Yee et al. 2011); Suh et al. (2011) found that the more closely an avatar resembled its owner in terms of 
appearance, the more likely the owner would have positive attitudes toward the avatar.  
Sentiment Analysis 
Sentiment analysis is the automatic detection of opinions from free text (Abbasi et al. 2008; Dang et al. 2010). The computer-
based detection and analysis of sentiments has been a growing interest among researchers in recent years (Pang and Lee 
2008). Previous sentiment analysis studies include determining whether a text is objective or subjective (Pang and Lee 2008), 
or whether a subjective text contains positive or negative sentiments (Wiebe et al. 2001; Wiebe et al. 2004).  
Two approaches in sentiment analysis have been widely used: the machine learning approach and the semantic orientation 
approach (Liu 2007; Pang and Lee 2008). The machine learning approach treats sentiment analysis as a topic-based text 
classification problem. Any text classification algorithm can be employed. For example, Pang et al. (2002) compared the 
performances of Naïve Bayes, Support Vector Machine (SVM), and Maximum Entropy using movie reviews and found that 
Naïve Bayes and SVM performed well in determining if a piece of review was negative or positive.  
The semantic orientation approach performs classification based on positive and negative sentiment words and phrases 
contained in each evaluation text and no prior training is required in order to mine the data (Pang and Lee 2008). This 
approach often relies on external knowledge resources beyond raw data and thus is knowledge-rich (Zhou and Chaovalit 
2008). It generally proceeds in three steps: (1) extracting words or phrases that express semantic orientations; (2) determining 
the polarities of the extracted words or phrases; and (3) computing the polarity of the text by aggregating the polarities of 
individual words or phrases in the text (Zhou and Chaovalit 2008). 
Research Gaps 
It is widely believed that virtual worlds have brought more opportunities in various areas. They’ve expanded the ways in 
which communication, business, education, etc. can be conducted. Users use their avatars to experience a virtual world and 
interact with others and the virtual environment. Previous research has examined different aspects of avatar behavior such as 
interpersonal distance and eye contact patterns (Yee et al. 2007), interaction network differences (Shim et al. 2011), and the 
similarity between avatar appearance and the user appearance (Suh et al. 2011). However, few studies have been seen to 
examine avatar sentiments.  
Sentiment analysis has gained a lot of attention in recent years. This may be because of the emerging of new communication 
platforms with the advent of Web 2.0 such as Web forums, blogs, social networking sites and most recently virtual worlds. 
Understanding sentiments expressed in these new media can be of importance to business, education, government, etc. 
Different from other Web 2.0 media, conducting sentiment analysis on virtual worlds could be more challenging, since 
avatars can express their sentiments not only via verbal cues (mostly by using instant chatting messages) but also non-verbal 
cues (such as actions and facial expressions). However, little research has been done on avatar sentiment analysis. Thus, this 
research in progress seeks to conduct avatar sentiment analysis using both verbal and non-verbal cues. We also plan to 
examine sentiment differences across avatars in different categories (such as male avatars vs. female avatars).  
RESEARCH METHOD 
Research Site 
The study site we plan to use is Second Life (http://secondlife.com) that is currently the most popular social interaction based 
3D virtual world. To access Second Life, users need to create their own avatars that are the digital representations of 
themselves. Avatars can then login to Second Life and interact with other avatars and virtual objects.  
Data Collection Methods 
To collect avatar behavioral data from Second Life, most previous research has utilized self-report questionnaires from 
recruited subjects. The major limitations of this method include the unreliability of self-reported measures and the relatively 
small sample size that can be collected (Yee and Bailenson 2008). To overcome the drawbacks, Yee and Bailenson (2008) 
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have developed an advanced method to semi-automatically collect avatar-related data from Second Life based on the Linden 
Scripting Language (LSL). LSL is a state-event-driven scripting language allowing Second Life users to control their avatars’ 
behavior. Leveraging this language, Yee and his colleagues have developed the semi-automatic, bot-based approach to 
collect avatar behavior data. 
Although quite advanced, their approach still has some limitations due to the restrictions of LSL. For example, a bot can 
collect only a relatively small number of records from avatars that are close to it. Thus, human intervention is needed to 
manually move the bot close to an avatar in order to collect its behavioral data. In addition, since bots are created as objects 
(visiable or invisiable) attached to avatars, when the avatars change their outfits, the attached bots will be automatically 
detached. Furthermore, the method can collect limited types of avatar data. It can collect an avatar’s current action and 
physical position but cannot collect avatar profile information (such as gender and age) or the verbal information (i.e., 
chatting messages between two or more avatars). 
To address these limitations, we developed an improved bot-based approach that can effectively and efficiently obtain more 
types of avatar data from Second Life (Zhang et al. 2010). Instead of using LSL, we leverage LibOpenMetaverse 
(http://openmetaverse.org/), a software library that can be used as a third-party application to communicate with the Second 
Life server, to develop the data collection method. LibOpenMetaverse enables the creation of avatar-like bots and allows 
each bot to conduct a much larger-scale data collection with no human intervention. Different libraries in LibOpenMetaverse 
can be used to collect various types of avatar data including verbal and non-verbal cues. 
We will leverage both machine learning and semantic orientation approaches to conduct sentiment analysis. Evaluation will 
then be performed to examine the analysis results. Further exploration will also be conducted to try to identify different 
patterns of sentiments expressed by avatars with different identities (such as in different genders). 
Research Status 
Research Phase 1 
The goal of phase one is to conduct a large-scale avatar data collection using the improved bot-based approach. Differnent 
components have been developed in order to collect different types of avatar data, including verbal cues, non-verbal cues, and 
avatar profile data. One component takes charge of collecting verbal cues, that are chat messages between avatars. The chat 
messages that are open to the public can be collected. For chat messages that are set as private, Second Life does not allow 
the collection of them because of privacy issues. Another component deals with collecting non-verbal cues such as avatar 
actions and facial expressions. LibOpenMetaverse provides some predefined categories for capturing avatar actions and facial 
expressions. Examples related to positive sentiments include belly laughing, blow kissing, kissing, laughing, smiling, with a 
big tooth smile, winking, and happy expression on face; examples of negative sentiments are afraid, angry, bored, frowning, 
sad and worried expressions on face, crying, and showing dislike. The last component is to collect avatar profile data so that 
sentiment differences can be compared among avatars with different characteristics such as different genders. This phase 
includes data collection, data preprocessing and data cleaning. We plan to have a dataset ready for the next phase by April. 
Research Phase 2 
The goal of phase two is to conduct the sentiment analysis and evaluation. Once phase one is completed, sentiment analysis 
will be performed. For non-verbal data, we will look at the predefined actions provided by LibOpenMetaverse. For verbal 
data, we plan to use both machine learning and semantic orientation approaches to conduct the analysis. Language features 
will be extracted from the data collection and be leveraged in building sentiment analysis models. A sentiment-based lexicon, 
such as SentiWordNet (Esuli and Sebastiani 2006) will be leveraged to determine sentiments of the extracted language 
features. Evaluation will be conducted to examine the performance of the analysis models. Based on avatar profile data, 
further exploration can be conducted to study different sentiment patterns among avatars with different characteristics.  
CONCLUSION 
In this paper, we describe a research in progress that aims to examine avatar sentiments using both verbal and non-verbal 
cues. As a new, innovative social interaction platform, virtual worlds have provided opportunities for various areas and are 
gaining increased attention among researchers, businesses, educators, and the government. Understanding the behavior of 
virtual world residents such as their sentiments can help us make the best use of the new medium.     
Specifically, the contribution of this study is that it will be among the first to empirically examine avatar sentiments in 
Second Life. The analysis results can help expand our understanding of avatar sentiments in virtual worlds. In addition, 
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understanding how avatars express sentiments can inform our understanding of sentiment expressions in the physical world. 
We can look at how sentiments are expressed individually based on different avatar characteristics (e.g. gender) in virtual 
world, and compare the patterns obtained from virtual worlds with face-to-face communications. This study will be of 
importance and interest to researchers and practitioners who would like to know more about virtual worlds and their impacts 
and plan to leverage the new medium in various areas.   
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